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We, Bbndix Aviation Corporation, a 
corporation of the State of Delaware, United 
States of America, of 1104, Fisher Building, 
Detroit, County of Wayne and State of 
Michigan, United States of America, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement: — 

This invention relates to apparatus for and 
methods of distingtrishing between ions of 
different mass. More particularly, the in- 
vention relates to apparatus for and methods 
of distinguishing between ions of different 
mass by measuring the time required for the 
ions to travel through a predetermined dis- 
tance. The invention is especially adapted to 
provide a relatively sharp delineation between 
ions of different mass as compared to appara- 
tus and methods now in use. 

Mass spectrometers are adapted to deter- 
mine masses of the different gases constituting 
an unknown mixture and sometimes the re- 
lative abundance of each gas in the mixture. 
One type of mass spectrometer makes these 
determinations by applying a predetermined 
force to a pulse of ions to accelerate the ions 
through a predetermined distance. The ions 
of relatively light mass have a greater velocity 
imparted to them by the predetermined force 
than the ions of heavy mass and, therefore, 
travel through the predetermined distance be- 
fore the ions of heavy mass. By measuring 
the time required for the ions of different 
mass to travel through the predetermined^ dis- 
tance the masses of the ions can be determined. 

Certain operational characteristics inherent 
in the spectrometers now in use tend to cloud 
the measurements which are obtained. For 
example, since the ion pulse has a finite width, 
some of the ions of the given mass are 
positioned in back of the intermediate posi- 
tion adopted by the majority of the ions 
having lie same mass and other ions are 
positioned in front of the intermediate posi- 



tion. Furthermore, the ions have kinetic and 
other energy which causes some of the ions 
to be travelling towards the collector plate 
at the instant that the predetermined force 
is applied and other ions to be travelling 
away from the collector plate at that instant. 
The different positioning and random motion 
imparted by the kinetic energy causes in- 
dividual ions of a given mass to reach the 
collector plate at different times. 

As discovered by the Applicants, it can be 
demonstrated ma'thematically that in a time-cxf- . 
flight mass spectrometer having one or more 
regions between the ion source and the collec- 
tor in each of which regions the ions are 
subjected to a predetermined accelerating 
fields, the lengths of the regions and the 
voltage fields prevailing across them can be so 
selected as to reduce to a minimum the 
influence of the initial positions of the ions 
upon , the time measurement. 

When using a single ion-accelerating grid as 
in our patent specification No. 713,993 how- 
ever, the analysis leads to a praoticaliy worth- 
less result, because the optimum arrangement 
is found to be such that the distance from 
the single ion-accelerating grid to the collector 
is equal to the distance from the source to 
said grid, regardless of the strength of the 
accelerating field. Such an arrangement would 
be obviously impracticable in thlat it would 
lead to an unacceptably short total length of 
the flight path. 

When more than one accelerating grids are 
used, it is possible so to select the lengths of 
the regions defined thereby with regard to 
the voltages applied thereto, that the total 
length of the flight path may be extended ad 
libitum or practically so, whereby a time-of- 
flight m&ss spectrometer is obtained wherein 
the error due to the initial positioning of the 
individual ions is minimized or nullified, and 
tihe error due to -the initial velocities of the 
ions may at the same time be greatly reduced, 
while the total flight time is still long enough 
to attain a high sensitivity. 
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This result, can be achieved by using as 
little a-S two ion-accelerating grids, and our 
copending application No. 20291/52 (Serial 
No. 727,^83) is directed to such an arrange- 
5 mem. 

•In some cases, however, such a two-grid 
arrangement, while providing the simplest way 
of putting to use the above-mentioned dis-" 
covery, may not prove to be the best way. 

10 When the parameters of the system are such 
that the two fields created across the adjacent 
accelerating regions must differ widely from 
each other, a strong voltage gradient is set up 
in the first accelerating grid which separates 

15 the first from the second region, and interaction 
between the adjacent fields may objectionably 
disturb the flight of the particles. Moreover* 
the two-grid system may require an undesir- 
ably high initial voltage drop across the first 

20 region, in order to obftain a prescribed total ' 
flight distance and flight time. 

By using three grids instead of two, it has 
been found tha*t the above difficulties can be 
overcome. 

25 5n accordance with the present invention,* 
therefore, there is provided a ■ timenof -^flight 
mass spectrometer having an ion-originating 
zone or source and an ion collector or de- 
tector with means for indicating the reliative 

30 times at which the ions of different mass reach 
the latter, which spectrometer includes means 
for creating between said zone aiid the collector 
successive regions in a first one of which the 
ions are subjected to an initial accelerating 

35 force, in a- second one of which the ions are 
subjected to no or substantially no accelerating 
force, and in a third one of which the ions 
are subjected to a final accelerating force 
greater than said initial accelerating force, 

40 the relative extents of said regions and the 
position of the collector or detector beyond 
said third region being so predetermined with 
respect to one another and to the values of said 
fbrces, as to minimize the error resulting from 

45 statistical uncertainty on the initial! conditions 
at the ion source. 

The invention will now be ctescribed by way 
of example with reference to the accompany- 
ing drawing the single figure of which is- a 

50 somewhat schematic view of one embodiment 
of the invention, the mechanical features of 
the invention being shown in perspective and 
the electrical features being shown in block 
form. 

55 In one embodiment of the invention a 
wedge-shaped cathode 10 made from a suit- 
able material such as tungsten is provided. 
A. control grid 12 is separated by a relatively 
short distance from the cathode and is provided 

60 with a vertical slot 14 whose mid-point is at 
substantially the same horizontal level as the 
cathode 10. The grid 12, as well as the other 
grids in the spectrometer, may actually be a 
plate with a meshed materia! covering the 

65 slot 14. An accelerating grid 16 is positioned 



relatively closely to the con trol grid 12 1$ 
side and to a shield grid 18 on .$e/&jf 
and is substantially in ahgn:piejxi ri %ii, 
gr}ds. Slots. 20 . and 22 conesjwii^i 
staritialiy to tfie'- slot 14 are provided i 
grids 16 and; l«, ( .rrespectively. A SW^j^ % 
plate 24 is disposed at a relatively gi^SfePV 
tatace from -the 'shield' grid 1* in sub^t^#^/' 
alignment with the grid. h^$^' 
, !A backing plate 26 is positioned 'slightly to 75 
" the reki : of the stxeafm of "electrons- fltwM^ - ' 
from the cathode towards the collector plate 
24 and is substantially in parallel with the 
direction of electron flow. The backing plate 
is substantially in parallel with a grid 28 80 
positioned slightly in front of the electron 
flow and having a horizontal slot 30. The 
plate 26, the grid 28, the shield grid 18 and 
the collector plate 24 form a substantially 
closed compartment, the top and bottom : of ; 85 
which are defined toy plates; 32. A horizontal 
slot 34 is provided in the bottom plate- 32 
substantially directly below the electron stream 
and is in communication with the flared mouth 
36 of a conduit 3'8, The conduit- in turn . 90 
extends from a receptacle 40 adapted to hold 
molecules of different gases constituting: an 
unknown mixture. 

A grid 42 is positioned substantially in 
parallel with the grid 28 at a relatively short 95 
distance from the grid and is provided with " 
a horizontal slot 44 corresponding in position 
and shape to the slot 30 in the grid 28. In like' 
manner, a grid 46 having a slot 48 correspond- 
ing to the slots 30 and 44 is substantially in 100" 
parallel with the grid 42 at a relatively short 
distance from the grid. A collector plate 
50 is positioned substantially in parallel with 
the grid 46 at a predetermined distance from 
the grid, this distance being preferably re- 105 
latively great. A time indicator 52 such as. ■>•; 
an oscilloscope is connected to the collector 
pliate 50 to show the relative times at which 
the ions of different mass reach the plate; 

The control grid 12 and accelerating grid 110 
1'6 normally have positive potentials of sub- 
stantially equal magnitude applied to them 
from a suitable power supply 54. The col- 
lector plates 24 and 50 have a slightly 
positive potential applied to them from 115 
the power supply 54, a positive potential / 
being applied to the collector plate 50 to 
attract back to the plate any electrons pro- 
duced by secondary emission when the ions 
impinge on the plate. The cathode "10, 120 
the shield grid 22, the backing pkte 26 and 
the grids 28, 42 and 46 are normally at 
ground potential. 

Because of the positive voltage on the grid 
12 "relative to the voltage on the cathode 10, 12* 
the electrons emitted from the cathode are - 
accelerated towards the grid. The electrons 
receive no further acceleration after travelling 
past the grid 12 since the grid 16 is at 
substantially the saime potential as the grid 12 130 
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an* fthci' grid 18 is at ground. Therefot^-i 
any 5elefctn>ns that may travel through* bthe'i 
regioiT between &e grid 20 and the iaottesetWi* 
plate>24v do^not strike molecules of gas with- 
5 sufficient energy to ionize the molecules. » o<; 
To * accelerate the ions with considerable 
energy towards the collector plate 50, voltage 
pulses^ of - negative polarity and of approxi- 
mately equal amplitude are applied to the. 
10 cathode 10 and to the control grid 12 from 
a pufee forming circuit 56. This causes the 
electrons to be considerably accelerated tor 
wards the grid 16 because of the positive 
voltage on the grid 16 relative to the voltage 
15 on the cathode during the pulses. The added 
acceleration causes the electrons to travel 
with sufficient energy through the region be- 
tween the backing plate 26 and the grid 28 
to ionize molecules of gas introduced into the 
20 region from the receptacle 40. 

Some of the ions produced by collision of gas 
molecules with electrons are retained within 
the electron stream since they have an opposite 
charge relative to that of the electrons. The 
25 ions are thus retained in a space having a 
relatively narrow width because of the. col- 
limating action which is provided on the 
electron stream by the slots 14, 20 mid 22 and 
the conciliating action which may be applied 
30 by a magnetic field (not shown). The ion* 
are further retained in the region adjacent to 
the slot 30 by the repelling action produced 
by the positive potentials on the grid 16 and 
the collector plate 24. The potential well 
35 created by the electron stream and die re- 
pelling action provided on the ions by the grid 
16 and the collector plate 24 cause a con- 
siderably greater number of ions to be con- 
centrated in the region adjacent the slot 30 
40 than is available in spectrometers now in 
use* * 

■The formation of an ion pulse similar to 
that disclosed above is disclosed in detail in 
our patent specification No. 713,993. 
45 The electron stream becomes saturated fairly 
quickly by the formation of ions from the gas 
molecules. At approximately the insftant of 
saturation, the voltage pulses on th ? cathode 
10 arid the grid 12 are cut off to discontinue 
50 the flow of electrons towards the collector 
plate 24. When the electron stream is cut oft, 
the ions are released for acceleration towards 
the collector plate 50. The accetoation is 
produced by voltage pulses applied to the 
55 baoking plate 26 and the grids 28 and 42 at 
the instant that the electron stream is cut off 
or at a slightiy later time. The ions ot 
relatively light mass are given a greater 
acceleration by the voltage pulses than 
An the ions of heavy mass and are, therefore, 
60 Sleeted at the plate 50 before the ions o 
heavy mass. The masses of the different 
i^con^d by the *aate 50 can be ^ deter- 
mined from the relative times at which the 
65 ions reach the plate. 



r,We have found that the iheasuremeztts ;of ■> 
iotr masses obtained in mass spectrometers ndw . 
uk use are not as accurate as imight^bexde^ 
sired even though the ion pulses. fomed r for; 
use- in the spectrometer are. rdativdljr- strong 70 
and are relatively concentrate in? spate,:-* -One 
difficulty arises from the different positioning . 
of individual ions in the pulse. For example, 
individual ions of a given mass may be posi- 
tioned in back of an intermediate position- 75 
occupied by a majority of the ions of that 
mass, and other ions of the same mass may 
be positioned in front of this intermediate 
position. This causes ions of the same mass 
to arrive at the collector plate at different; 80. 
times so that the measurements become some- . 
what clouded. 

In addition, individual ions of a given mass 
and other energy before the ions are accelera- 
ted towards the collector plate. For example,, 85 
individual ions of a given mass may be moving' 
towards the collector plate before the ions are 
accelerated and other ions of the same mass 
may be moving away from the collector plate 
at that instant. Thus, the random motion^ of • 90 
the ions prevents all of the ions from reaching 
the collector plate at the same . time. . 

We have found that the errors in measure- 
meats resulting from the different positioning, 
and random motion of individual, ions can- 95 
be minimized in spectrometers now in use . 
by placing the collector plate at a predeter- 
mined distance from the grid before the pulse ■ 
is accelerated. This distance in spectrometers 
employing only one grid is approximately 100 
twice the distance between the grid and the. 
ion pulse before the pulse is accelerated* 
Since the distance between the ion pulse ;and 
the grid is relatively small, tihe distance ; be- 1 
tween the grid and the collector £late is also 105 
smfcll. This prevents the ions from travelling 
through a sufficient distance to become com- 
pletely separated in space on the basis of their 
different masses and, therefore, prevents 
the measurements from being trjuly accur-; lip 
ate. 

This invention provides a mass spectrometer 
which compensates for any differences in . the 
positioning and random energy of individual 
ions without any decrease in the distance 115 
through which the ions travel. The invention 
provides a first electric field of moderate in- 
tensity between the plate 26 and the grid 28, 
a second electric field of relatively low in- 
tensity between the grids 2'8 and 42 and a 120 
third field of considerable intensity between 
the grids 42 and 46. For example/ a positive 
pulse of approximately 200 volts mfcy be 
applied on the piate 26; positive pulses of 
approximately 150 volts may be simultane- 125 
ously applied on the grids 28 and 42; 
and the grid 46 may be maintained at 
ground. 

By providing a field of moderate intensity 
between the plate 26 and the grid 28, the 130 
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individual ions of a given mass which are in 
back of the intermediate position adopted by 
the majority of ions of that mass are given* 
a somewhat greater velocity than the ions in 
5 the intermediate position. This results from 
the fact that the ions retarded in position are 
in the electric field between the plate 26 and 
the grid 28 for a greater period of time than 
the ions intermediate in position. Similarly, 

10 the ions in front of the intermediate position 
are given less velocity than the ions in the 
intermediate posMon. 

Compensation is also provided in the elec- . 
trie field between the plate 26 and the grid 28 

15 for the differences in random motion of in- 
dividual ions. Thus ions of a given mass 
moving away from the grid 28 at the instant 
that the electric field is applied are given an 
acceleration for a longer time than ions 

20 moving towards the grid at that instant. The 
increased period of acceleration is obtained 
because the ions initially moving away from 
the grid must first be stopped and then acceler- 
ated in the proper direction from a standstill 

25 position. 

Since the grids 28 and 42 have pulses of 
approximately the same amplitude applied on 
them, the ions travel through the region be- 
tween the grids with substantially the same 

30 velocities as those imparted to them in the 
region between the plate 26 and grid 28. 
This causes the compensatory action initially 
imparted to the ions in the first region to be 
continued in the region between the grids 28 

35 and 42. The giid 42 is disposed at the posi- 
tion of maximum compensation or is prefer- 
ably sHgbtly in front of this position so that 
a slight additional compensation can occur 
in the region between the grids 42 and 46. 

40 Because of the difference of 150 volts be- 
tween the grid's 42 and 46, a considerable 
acceleration is imparted to the ions in this 
region. This causes any errors that still re- 
main' after the compensatory actions provided 

45 in the previous region to be dwarfed. In this 
way, any errors that still remain are mini- 
mized. The ions then travel through the dis- 
tance between the grid 46 and colleotor plate 
50. Since this distance is relatively great, 

50 the ions become sharply separated in space 
in accordance with their different masses, 
the light ions reaching the plate 50 ahead of 
'the heavy ions. The separation between ions 
of different mass is further accentuated since 

55 the ground potential on the grid 46 prevents 
the ions from being disturbed by the other 
grids during their movement towards the 
plate 50. 

It should be realized that ion pulses may 
60 be formed in different ways than that dis- 
closed above. Furthermore, voltages may be 
applied to the backing plate 26 and to the 
grids 28, 42 and 46 to attract the tons towards 
successive grids rather than to repel them from 
65 the previous grids. Different voltages than 



those disclosed above may also be applied 6n 
the different accelerating members as long as 
electric fields of predetermined intensity* as * 
disclosed above are created between the mem- 
bers. ' 70 

There is thus provided a mass spectro- 
meter which compensates for the different 
positioning and random motion of individual 
ions by employing a plurality of accelerating 
members and providing electric fields of pre- 75 
determined intensity between successive pairs 
of members. The apparatus also provides 
methods of accomplishing such compensation. 

What we cl aim is : — 

1. A time of flight mass spectrometer having so 
an ion-origlinating zone or source and an »on 
colleotor or detector with means for indicating 

the relative times at which the ions of different 
mass reach the latter, which spectrometer 
includes means for creating between said ozone 85 
and the collector successive regions in a first 
one of which the ions are subjected to an 
initial accelerating force, in a second one 
of which the ions are subjected to no or sub- 
stantially no accelerating force, and in a third 90 
one of which the ions are subjected to a final 
accelerating force greater than said initial 
accelerating force, the relative extents of said 
regions and the position of the collector or 
detector beyond said third region being so 95 
predetermined with respect to one another 
and to the values of said forces, as to minimize 
the, error resulting from statistical uncertainty 
on the initial conditions at the ion source; 

2. A time-of-flight mass spectrometer ac- 100 
cording to claim 1, wherein the ions are 
subjected to substantially no acceleration be- 
tween the end of the third region and the ion 
collector or detector. 

3. An apparatus according to claim 1 or 2, 105 
which includes a backing electrode or plate on * 

the far side of the ion source from the 
collector, and three spaced electrodes or grids 
between the ion source and the collector, 
and wherein means are provided for creating 110 
an electric field of a first intensity between the 
backing plate and the first grid nearest the 
source, an electric field of zero or substan- 
tially zero strength between said first grid and 
the second grid, and aq electric field of a 115 
second intensity higher than the first between 
said second grid and the third grid which 
is nearest the collector. 

4. An apparatus according to any preceding 
claim, wherein the ions are produced in 120 
batches or pulses, and specifically in the man- 
ner described in Claim 1 or 2 of British 
patent specification 713,993. 

5. An apparatus according to claims 3 and 

4, wherein voltage pulses of a first amplitude 125 
are applied between the backing plate and -the 
first grid to accelerate the ions out of the ion 
source and through said first and- second 
regions, and voltage pulses of a second and 
higher amplitude are applied between the 130 
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second and third grids to accelerate the ions 
through said third region and towards the 
collector. 

6. 'An apparatus according to claim 5, 
5 wherein the third grid is maintained substan- 
tially at a constant, e.g. ground, potential, 
while positive voltages are applied in pulses to 
the backing plate and to the first and second 
grids. 

10 7. An apparatus according to any of claims 
4 to 6, wherein the voltage pukes amplified to 
the electrodes are of sufficient duration to en- 
sure that si&stantially all of the ions of any 
one batch are subjected to acceleration be- 

15 fore they pass out of the corresponding region. 
8. 'An apparatus according to any of claims 
4 .to 7, wherein the voltage pulses for accelera- 
ting the ions are appKed at predetermined in- 
stants relative to the voltage pulses for cutting 

20 off the electron stream in the ion source as 
described in claim 1 or 2 of specification 
713,993. 



9. An apparatus according to any of claims 
4 to 8, wherein v the ion source generates 
batches of ions having a narrow initial width 25 
dimension, as measured along the path of ion 
travel from the source to the collector. 

10. 'An apparatus according to any preced- 
ing claim, wherein the collector is located at 

a distance -beyond the end of said second 30 
region considerably greater than the width 
dimension of any one of said first, second or 
third region. 

11. 'A time-of-flight mass spectrometer sub- 
stantially as described in the specification with 35 
reference to the accompanying drawing. 



For the Applicants. 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
29, Southampton Buildings, 
Chancery Lane, W.C.2. 
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